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HEAT TRARSFER PRODLEMS ASSOCIATED WITH LASER FUSION®
I T. G. Frank, I. 0. Bohachevsky, L. A. Booth, and J. H. Pendergrass
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Abstract I

Los Alsmos Scientific Laboratory, Los Alamos, New Maxico B7545

1 Briefly discussed are the laser-initiated fusion reaction, emiasions that are produced, and methods
that may be used to protect the walls of reactor cavities from these emigsions.

Thermal loadings encoun-

tered in laser fusion reactors will consist of energy deposition by discrete, short, intense pulses of x

and gamma rays, fast alpha and other charged particles, and fusion neutrons.

Presented are models of ener-

gy deposition in structural valls and blanket regions surrounding the reaction chamber and methods used to

ralculate resulting temperatury increases and thermal stresses in these components.

The results of such

calculations indicate that the deaign conditions for the engineering of laser-initiated fusion reaciors will
be severe and a great amount of ingenuity and analysis will be required to meet them successfully.

1. CTIOR

Laser-induced fusion is an attractive potential
alternative and/or supplement to magnetically
confined fusion for satisfying anticipated national
and global enexgy needs. Fusion reactora are expacted
to ba significant sources of consumable energy iu
the early part of the next caentury.

The develojuent of laser-fusion technology is
baing paced by the time required to develop and
construct high-power-lavel, short-pulse lasers.
Significant numbars of thermonuclear neutrons have
besn produced by fusion pellet irradiations with
laser pover levels less than 1 TW. Naw and unprece-
dented lasecs vwith power levels as large as 200 TW
are schaduled for completion during the next five
yesrs. Achievement of scientific breakeven (thermo-
nuclear energy releass equal to lasar enecgy input)
is expacted with this new generation of lasers.

The understanding of the physics of laser-
ipduced fusion does not permit definitive specifica-
tion of either fusion-pellet designs or properties
of fusion microuxplosions. Sophisticated calcula-
tional techniques to analyze laser-induced fusion
have bean developed but suffaer from the lack of
corroborating experimental data. Nevertheless,
these calculations provide che hest available data
to identify the unique design requirements for
laser fusion reaactor (LFR) concepts.

Conceptual lawer fusion roactora ilnclude a
reaction chamber or reactor cavity in which fusion-
pallet microaxplosions are containad. Pelletn
containing fusion fuel are injected into rhe reactor
cavity where they are illuminated by intense La.. v
beans resulting in haating and compression of t
fuel to conditions required for self-sustaining
thermonuclear burn. The laser heama are reflec:
and/ar focured by mirrors into the cavity throu:
opanings in the cavity wall. The fuslon fuel fo
first-generation fusion raactors will consiat ot
stoichiometric mixturen of deuterium and tritium
(DT). Becaune of tha necessitv to breed tritium
for the fuel cycle by neutron reactions with lithium,
reac:or cavities are surrounded by relattlvoely thick
blanket reglons containing !lthlum or lithium
compounds.

The major problems encountered in the contain-
sent of fusion-pellet microexplonions and tn analve-
ing anergy doponition and recovery in LFRs are
discussed in thin paper. The characterintics of
fusion pellet microexplosions are denwcribed in
Bection Il and microaxplosion containment alterna-
ork performed under the aunpicos of the U.S. Energy
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tivea in Saection III. Section IV conusists of

descriptions of energy deposition m~- 'nisms in
raactor cavities and blankete and - i»la for
analyzing the unique heat-transfer , -vma that
arisge.

II. FUSION PELLET MICROEXPLOSIONS

Tha physical and chemic:l form of the fuel for
LFRs has not been determined; however, the mnrst
promising candidate is molecular DT {n gaseous,
liquid or solid form. Of equal importance, with
regard to LFR concepts, is the encapsulating pellet
material. The DT fuel might be aimply frozen
pellets of pure DT or it might be contained, for
example, within a structural shell or system of
shells. The use of bare frozen DT pellets 1is
conceptually attractive, and a number of detalled
calculations have been made of pure DT microexplosions
(see, for inmtance, Clarke, et al.[l]).

In the process of heating and compressing hare
fusion pellets with laser beams, material is ablated
or blown off from tha surface of the pellet (Booth,
et al.(2]). The thermonuclear fuel i{s compressed
and heated by the balance of momentum from the
expanding (ablated) material. Recent investigacions
(Ehler, et al.[3]) indicated problema of low thar-
oal conductivity and anomaloualy poor abmorption ot
laser lighi. Very high energy lons are produced
that carry away moat of the energy but with insuffi-
clent momentum to adequately comprusa the thermonu-~
clear fuel, thus indicaring fundamental difffcultien
with bare npherical pellets. Accordingly, increasud
attontion im being given to fusjon pellet design
variations and different coupling mechanismn using
structured pellets in order ¢ty mitigate or avoid
theso Jifficultien.

Theoretical energy-releasa forua from N 100-MJ
pellat microexploafonas are givin in Table ! (Hendor-
won[4], Booth(S], Williamw, et al.[6]). Four the
bare DT pellet, prompt x rays would be observed
firat. The l4-MeV neutrons would follow next in
time, than high-energy (v 2-MeV) alpha particlas,
and finally the plasma of pellet debris. For
atructured polletsn, the energy relcase mechaninma
obnervad just outside the expanding pellet will
depend on the thermonucloar vield and on the compo-
nition and rann of the scructural container. A
relatively mannive shell of high atomic number will
abrorb the energy of the 1.:-MoV alpha particlen
roleansd by (IXT) reactions and will, in turn,
radiate x rayn ce a Llackbody., The fractional

Renearch and Developasnt Adminimtration, Contract
N
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| TABLE I
l THEORETICAL ENERGY RELEASE FORMS FROM FUSIOMN-PELLET MICROEXPLOSTINS
i Bars (Frozen) DT Structured Pellet
i Fraction of Average Fraction of Average
i Total Energy Energy Total Enargy TRy
Energy escaping pallet ﬁ
Photons 0.01 ‘n 4 keV peak 0.05 0.9 MeV
a Pa.ticles 0.07 ‘v 2 MaV -— —
Heutro.s 0.77 A 16 MoV 0.70 12 MaV
BEnergy deposited in pallet 0.1% S0 keV/particle 0.2% 0.2 MeV/pacticle

enusrgy raelease in x rays wvill ba larger than for a
bare pellet, but with a softer spectra. However, a
higher-energy gamma-ray component wili also be
present dus to neutror scattering reactions with
the structural macerials. Most of the 14-MeV
aeutrons will escape the pellet with slight degrada-
tion in energy.

The time scales associated with these avents
are important for estimating the responses of
reactor components. The thermonuclear burn lasta
~ 10 ps and is terminared by expaneion of the fusion
fuel. Energy deposition in cavity and blanket
components by x rays from pure DT microexplosions
occurs in a time interval of this same magnitude.

K and gamsa radiation from structured pelleta occurs
over a somavhat longer time intarval. Energy de-
position by neutrons occurs primarily in blanket
ragions in neutron-slowing-down times, a few micro-
secunds for 14-MeV neutrons in lithium. The arrivdl
tiues at reaction chamber interfaces of free-
streaming charged parricles and of the debris plasma
depand on r~hamber geometry and dimensions, on the
kinaetic energy and spectra of the particles, and are
also affected by the presence of an ambicnt gas or a
magnetic field in the reaction cavity. Time inter-
vals for energy J-positioun by charged particles are
of the order of a few microseconds for . 100 MJ
microexplosions in reaction chambar concepts that
have been analyzed.

Fusion-pellet-microexplosion repetition rates
ara lmportant factors in determining the cost of
producing pover. Repecition rates of 1 to 10 per
seacond appear feanible for reactor cunceptas being
evaluated.

III. ALTERNATIVES FOR CONTAINMENT OF FUSTON-PELLET
M.ICROEXPLOS [ONS

In a LFR, fusion-pellat microexplosions muat
be contained in a ma.ner that boLh praventa exces-
sive damage te reactor romponants and parmits
recovery of the energy in a form sultahle lor
utilization Ln an energy conversion cvele. Energy
deposition by x rayms, free-xtreaming charged parti-
clen, and particles {n the debrin plasma occurs at,
or very near, surfaces of incidence in atructural
and coolant materialn; the anargv of l4=MsV neutrona
and high-energy gauma rays In deposited throughout
relatively large material volumen.

A bare cavity wall (v.g., 4 harms retractory

metal) would be the aimplent reactor cavity snclowure.

However, the Interior wall of much a cavity would
hava to withstand vepaated ennrgy deponition
amounting to 20-102 of the thermonuclear vield
within a few miciometern of {te nurlace, and unjesn
very large cavition vore used, very high surface
temparature Incroanes would result. Tolerable
surface temperature Increanes ol wuch Nrructural
components have not bLeeu established elther by

4
.
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theory or experiment, but it is probably expedient
to design systems that at least prevent temperature
excursions from exceeding the melting point of the
wall material. For a cavity made of niobium, this
constraint would result in a minimum cavity diamoter
of about 12 m to contain the 100-MJ pure=-DT microex-
plosion described in Table I. There are economic
incentives for reducing the cavity diameter below
this valuse. One solution might be to operatc with
the higheat permissible ambient gas density, allow-
ing a spherical blast wave to devaelop. Calculations
show, however, that the blaat heated gas would onlv
reside at the chamber wall for a very short time--
toco short for aufficient thermai conduction into

the wall, Steady-state operation with repeated
fusion=-pallet microexplosions would rewult Iin a

very turbulent, hot cavity medium with energy
rcansport to the chamber walls by radiation and
thermal conduction, complicating pellet injection
.nd 1lluaination by laser heams.

There are several reactor cavity concepts that
employ ev -toratlve and/or aklative materials td
protect interior cavity wall sanrfacea. For such
concepts, it is necessary tuat the protective
naterial ba renevable betveen pellet microexplosions,
othervise cavity wall lifetimes would be uneconomi-
cally short. Protection of exposed surfaces by a
liquid metal msuch ar lithium hnn many attroactive
featuras and is utilized in the wetted-wall cuncept
proposad by the Lom Alamos Scientific Laboracory
(Booth[S5], Williamm, vt al.[6], Williamn, et al.|7])
and the ~uppreased ahlation concept proposed hv the
Lavrence Livermore laboratory (Hovingh, et al.[8]).

Extarnally applied magnetic flelds in a cylin-
drical cavity could be used to divert charped
particles out the ends of the cylinder leaving only
the x-ray energy to be accomodated by the cavity
wvall surface. Thix approach {v almo heing explofited
by tha Low Alamos Scientific Laboratory (Frank, ot
al.[9]). Coniril energy=sink surfaces are placed
in the ends n* the cylindrical cavity and the
charged parti . are incident on these surfaces

IV. HEAT TR IN LASER FUSION REAGTORS
A.  Energy I .tion and Heat Tranafer in Cavity
JHalle. The = challenging englineering problems

encountered {n LFR design are associated with
protection of the surfaces of cavity components

from damage duo to x rayn and energetic charyed
particles, Energy deponition dennitien in cavity
walls dueo to ncutrons and gamma rayn are not large
by conventional standards and dn not pomse mnignilicaat
problemn.

X Rays. Depending on the pellot design and
consntituents, a wide range of x-ray smpectra are
porsible from funion pellet microvxplonions. A
typleal x-ray apectrum from a 100-M1, pure DT
microexploation {s whowm In Fig. 1. X-ray spectra

ALY
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Tigure 1. K-ray spectrum from 100~MJ pure DT fusiom-
pellat microexplosion with blackbody spectrua for
comparisoan.

from structured pellets containing high ztomic

nusber materials are expected to have a Planck
blackbody distribution but the blackbody temperature
will depend on the vield, zass and composition of

the pellet. It is important that surface tempersture
fluctuations for cavity componencts be estimated

vith reasonadble accutacy since thay deteraine
eloimue cavity dimsnuions for most reactor concepts.

Monte Carlu photon transport cudes are uned to
calculate x-ray energy deposition for coaplex
absorber geomalries; hovever, manv practical
problems in LFR design involve relativelv sizple
geometries for which somevnat less detalled analyses
are appropriate. Exponential decav laws with
sufficiently detailcd treatment of x-ray wcattering
processes have been found to reproduce detailed
Monte Carlo results with acceartable accuracv for
sieple geometrien. .\ computer program (Gardner and
Seite[10]) is used which sums the contributicna
from photoelevtric capture, coherent scattering,
and incoherent (Cumpton) scattering. Pair produc-
tion is not included because the applications
fiavolve x-ray energies heiovw the threshold ltor this
type of interact’on.

Scattered photona are assused to have arisuthal
syametry relative to the (ncident bean. An approxi-
mste angular distribution of the scaczared fluence
ia calculated by dividing the scattering dirtections
into conical sectors subtending linite polar angles,
8, as 1lluutrated in Fig. 2. Secondarv scattering,
i{.e., scuctering from vne conical nector into
another, is approximared by assuming the same t/pe
of symmetry as in the prirary heam ncattering.
Backacattering {s accounted for by lumping all
bachscattered radiation into the opposite direct lon
relative tu the primary beam.

Figure 2. Schematic representation of x-ray scat-
tering rectorsa.
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Cosparisons huve been made betwaen the resulte
of Momte Carlo calculatioas and the approzimstion
described above [or a nusber of sbsorber configura-
tinas, lncluding some in vhich geocmetry—depeadent
scattering losses vers significant. GCaserilly, the
agresment is vithin 52 for intersediate or high
atomic nusber materials but discrepancies as large
as 10 to 132 may occur for lov atomic oumber aste-
rials,

Surface temperature incresses due to x-ray
-\sposition in mater.ials of flotarest for cavity vall
coastruction (i.e., refractory matals and stainless
steels) are very large. However, teoperature
fluctuation: are disinished considerably by protec-
tive layers of materisls with low atomic number
chat filter out the low-tempararure components of
the spectrun. Liquid litaiue ts useful for this
purpose since it is easi.v renevable between aicro-
explosicas and slso affords proterting f[rom enarges-
ic charged particles emanating from pellet microex-
plosions. Protective lavers of carbon and oetal
carbides are also utilizel Ln some Teactor cavicy
concepts. The affectiveness of thin layers ot
lithilus and carbon te protect nioblum components
from the pure DT-pe’let x-ray spectrur given in
Fia. 1 are showm tn Fig. i, Protection o! metal
surfaces froa the relatively low-temperature x-rax
upectTa [rom structured ,ellets im wcre crucial
than tor the pure=DT-pelliet spectrus. Siainless
steel nurface temperature increases ¥ith and without
a protective lithiva laver are shown in Flg. < as
functions of blackbhady teapersture.

Free-atreaming c':arged particles and pellet
debris plasma. Proteriica of .avits ccmporent
surfacer [(rom fmpinging .narze: particles van b
achieved by restora ie protective lavers, by Jiver-
slon with magnetic fields, vr v previding large
surface areas 50 that the 1'1@nce per unit ares i»
saall.

For cavity concepts with restorab'e protectie
lavers, such an liguid lithium, 1ha enargy of the
charged particles 1x depcaitel (n Jepths of 3 few
nicrometers (rom the surface. This surface =ateria.
(s evaporated and a*latec inte the cavity (nterior
from which it Ls exhauste! through 3 noztle (nto s
condenser and heat exchanger.

In cavity concepts t at are basad on the use !
mignetic flelds to deflect charged particles avav
from cavitvy wulls, tne particles are incident un
“cnerpy sinka” winich have large surface areas con-
risting of carbon, 4 metal carbide, or some other

LK J
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Figure ). Niobium surface temperature increanes Jdue
to instantaneoua depuxition of x rave from pure DT
pellet microexplosion for bare and protected
spheres.
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‘Tigure &. Stainless stee] surlace temperature in-
creases due to (nstantaneocun depusition of bdlack-
body spactrum of u rays (or bara and protected sur-
face.

refractory materilal. Enevrgy slnk aurface lifletimen
afe deteruined by the rate at which they are e¢foded
or evaporated. Thus, desigh criterls include lixits
on surflace tumperature (luctuations. The time
fatervals of arrival of charged pacticles at the
ensargy sinke are long compared to other pellet
eniesiens and significant conductlion of neal avay

frem Lhe surface can Lake place during . nesltion.
Particle (lunes may conaint of discret: lnes of
diffarent types of particles and vith ‘rent
eaergy spectra. Particle ranges in o. NY.)
surface saterials of Interest vill de . par-
ticle type and energy and on the mur:., cerlal

but will generally he less than about

The problem of calculating the su:  temper-
sture increase of the energy sinka can be modeled
mathesatically in st leanmt twvo ways. A surface (lux
wodel fa described by the equation

1
3 T
,I - x (1)
t 3I1
and the boundary coadlition
- xpc ;E =7 atxe+0, (2)

where! T is temperature, t lo tima, x {8 space
coordinate perpendicular to the aurface, = in ther-
oal diftusivity, 0 Le density, c is heat capacity,

B T

and T Is flun of energy pev uait surfsce area per
unit tiss. Altermatively, a volume source madel aay
be usad which Lo deoscribed by the equatien

.,ﬁ.’_ )

aad the boumdary comdition

;E *Qatn~=0 (s)

whate $ 1o tha rate of energy depositioa per ualr
velune per walc (ims,

The surlace teaparstule increvase at the eod of
a ualfore pulse v duratioa : predicted by the
suriace (lun model /s wll known (mee (or Imatance
Carslav and Jasgear(11)) to b

14
T, 0,1\ = JU- £}

This selution has frequently boesn used (Craston, et
al.(12), Bohrish(1))) to calculate firat wall cvap-
oration rates In augnetically conlined (usion
reactors.

The surloce tewpevature Increane predicied by
the velums seurce wodel has bewn deleruined lor a
single square pulse of Juration - to be (Axford{l4))

[ R 2

1’.(0.‘) - “L larf v - u" arlc uy * + ue )

vhere the velums sourca s given by

$ ,0<¢g v, 0<x<?
e e =z
$ =
9, ethearvine
§ = constent
o

! o deopth of enargy depesition
we 3/,

The two solutlons can be compared for try same
Ltheraal loading by requiring

F - 306. (8]

Comparisons ol tempelfaturfe (ncrestes predicied for
stainless stael by Equatlons (5) and (A) are mhown
in Filg. Sfor ¥ = = " J/cm' -0 and ' * § .o, The
plots tllustrate the Jifferent hehavinr of the two
avlutions for short pulses. The surffare (luxn nodel
prnd!g,g that the surface 'emperatufe will Increane
as t "7 and the volume nuwfce model predices that
{t will approach the value F:/ ci, vhich Le constant

tor fluxes inversely proportional (o pulie durations,

Compat inons hetveen the tvo endels ran be
genarallired by recuognining that (or some applica-
tiona in LFR design, v Is numericaily small, For
such cases, T (Eq. 6) can be empanded In pavers of
u from which Pue ratio

T,(0,7)

'I'J'Tl)._tf = 1.0 + 0(u) (9)

can be obtajned. Thun, for small u, the resules
from the tvo mode's will ho In subntantial agree-
aent. The nondimcnalonal variable u (a a meaiure of
the "surface effect” or "akin depth"” (wea, (or
enample, Behrish{11]), Fig. o).

The fractional Jifference hetween surface
temperaturen calculated from the twvo moduls in snhowmn
in Fig. 6 as a function of u. The depeadence in
sleost linedr and the constant of proparcionality e
nearly unity.
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source (Ty) wodels.

Present entimates of energy deposition by
charged particles in LFRa (ndicate thermal loadings
consinting of weveral pulses, sote of vhich overlap
fn Uime and arte short enough to fall {n the regive
vhate sutface flux models are not sufficlient]y
accurate. To cope with this situation, the volume
soutce madel (Eq.
& wource, 3, consiwting of the superposition of an
arhitrary nusber of pulses:

N
§e I s‘ (9)
te1

".':l;'.‘ -
™

ol

0 Y] 02 03 04
']

Figure 6. Normalirzed difference between surface
tempevrature rinces obtained from aurface (lux and
volume moutrce madels.

Yo

3) has been generalized tuo include

Y Y i
Ta
”r_ Stoiness Sheel 403 4
k = 0.204km- 2 X
3
v ) p* 800 gfm x=00Semirn
gi e'pILSCDJA;K
-4
‘! 2ok 8+500:10 ¢m .
jé F’-!irJ/tus-s
g 10} A
Te
(v} A ‘ .
Kf' “r. Kfs W K’a
. r(s)
Figure 3. Surface temperature rise fur stainless stee

1 calculated vith the surface flux (T,) and volume

with

.‘o‘ L] SM

Sl u ) othervise.

An example ¢f tvwo nonoverlapping pulsec {3 illus-
trated schematically in Fi(g., 7.

A general solutton o!f this problem has been
obtained using laplace transtora techniques and is
expressed oxplicitly in terms of parabolic cviinder
functions. The resulting expressinns are too lengthe
to be included in full generalit: in the present
paper and will be published elsowhere.

Here the sclution §% lllustrated bv an example
of the surface temperature rexponse to two pulses
incident on molvhdenum asn shown (n Fig. B, The
first pulme 15 0.1 i.s long, penetratev to a depth ut
5.8 La, and has 4 source strength of 6 x 10° J/em - «.
The second pulse bogina 0.5 us after termination ot
the firnt pulne, lascts for 0.6 .o, penetrates to a
depth of 0.677 um, and hax a mource strength of
1.71 x 10'? J/cm’-s. This solution clearly shows
the cocling between the pulses ind the rapid temper-
ature decrease at the end of the second pulse due to
the relatively good thermal conductivity of molybd-
denum. The temperatures predicted by the surface
flux oode) at the end of each pulse are also indi-
cated. As expected, for the first pulse, for which
u, = L.41, the tw predictions are very far apart.
!Lr the aacond pulse, u = 0.07, and the fractional
surface temperature difference is about 92, consin-
tent with the result presented {n Fig. 3. Shown {n
Fig. 9 are the temperature distributions inatde the
vall corresponding to the surface temperature history

. for 0 < x ¢« UL TR LI YD
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preseunted in Fig. 8. Use of the above generalized
formulation permits modeling of energy deposition
and resulting surface and volume temperature varia-
tions due to penetrating radiation and energetic
particles in any degree of detail desired. Non-
uniform volume energy deposition can be approximated
by successive pulses with appropriately different
‘'volume sources.

0.0( LS T T T
. .
0.7F * Tamparotwe Predicted 4
With the Swrfoce
Fiux Mode!
o) osf W
°
-
x
jg 0.5} p
[
i% 0.3} <
0.2 i .
0.1 o
(] | Al e, ' e
[+] | 2 3 4 -]
Time (3410")

Figure 8.
two pulses.

Surface temperaturc rise in response to
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Figure 9. Temperaturec distributions inside the

cavity wall caused by thermal loading of two pulses.

B. Energy Deposition and Heat Transfer ir Reactor

Blanker Regions

Reactor blankets have not been designed in
detail; however, analyses have been made for concep-~
tual designs in which circulating ltithium {s contained
between structural shells enclosing the reactor
cavity. The most detsiled analyses of LFR hlaakets
have teen perforwed tor spherical systems.

Neutron energy is deposited primarilv in the
11quid lith -um by neutron scattering and excerglc
capture reactions. Neutron capture reactions in
structural componenrs result in a substantial
secondary gamma-r' -ource thar {s attenuated
meinly by the etr +al shells. Cold lithium

coolant flows to
cavity wall wher
the flow is dire
tive film on the
pelletr microexpl.

wum surrounding the porous

divided. A small part of
-ward tc replenish the prorec~
. wall interior between

. and the major part is direc-

ted radially outw
gamma-ray energy t
ragion.

Reactors that have been designed for minimum
structural mass and acceptable tritium breeding
ratfios include three structural shells surrounding
the reaction cavity. Neutron-energy deposition in
liquid-1ithium regions results ip heating and
exransicn of the lithium. Because energy deposition
ia the lithium has a radial gradient and deposition
times are very short « 10 ® 8) compared to shell
natuvel frequencies (- 107’ a), pressure waves
result thar travel between structural components.
The shells respond to itmpulsive loads by ringing at
essentially thelr natural frequencies, moditfied by
the hydrodynamic coupling to the liquid lithium
regions. Pulsed energy deposition in the structural
shells results in thermal gradients which, in tura,
give rise to thermal expansion amd thermal
stresses. Thus, reactor blankets must be designed

;or removal of the neutron and
&t 18 deposited in the blanket
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Figure 10. Neutron and gamma ray energy deposition

fnside a 1-m~ti.ick lithium blanket.

to withstand repeated stresses due to the cyclic
nature of LFR operation.

Neutron and gamma-rav energy deposition distri-
butions from 100-MJ pure DT microexplosions are
shown in Fig. 10 in a l~m-thick blanket surrounding
8 l.7-m~radius cavity. The inneraost structurail
shell is loaded not only bv the pressure waves in
the lithium bur also by the recoil momentum from
the abla:fon of lithium fvom the interior of the
cavity wall. Structural shell thicknesses have heeyu
calculated to contain 100-MJ pellet microexplosions
for either nicbium, molvbdenum, or stainless steel
at temperatures up to 1000 K. The ringing hoop
stresgses for the innermost ctructural shell are
shown in Fig. 11.

Start-up analyses have been performed for the
reactor with i l-m-thick blanket surrounding a
1. 7-m-radfus iavity for a 160-MJ pellet microexplo-
nion repetition rate of one per second. The results
indicate that becausc of the large heat capacitv of
the system, .2 perturbations due to individua}
pulses are hirdly discernable. Equilibrium blanke!
tempernture jistributions are achieved af~er about
300 microexplosions and are shown for riree different
1ithium fleow rates in Fig. 12.

V.  SUMMARY AND CONCLUSIONS

Althouph as yet an unproven technology, laser
fusion offer s an att-active potential source »{
comnercial jower. The mest crictical unsatistied
technology ecquirements are these related te achiev~
ing eignifi ant fusjon-pellet burn. Detailed
engineering of reactor designs rust await confirma-
tion of fusion-pell:t design and microexplosion
characterisiicsa. Laser systems with power levels
exceeding ]/)0 TW are scheduled for operation within

.the next f(wv years and are expected o euneble the
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achiever. 2 of the major milestone of scientifaic
breakeve-.. With the achievement of this milestone,
the lase¢er-fusion program would proceed f{rom the
research to the technology development phase aimed
4t demonstrating the attractiveness ~f commercial
operation.

“he practical feasibility and preliminarv
engineering design of conceptual LFRs are being
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Figure 12. Equilibrium temperature distributicns

in the blanket of a spherical! laser fusion reactor
Lor different lithium ccolant flow rates.

ALAR



AU

assessed based on theoretical predictions of fusion-
pellet microexplosion ecmissions. Pellet microexplo-
sions must be contained in a manner that both
prevents excessive damage to reactor components and
permits recovery of the energy in a form suitable
for utilization in an energy conversion cvcle.
Optimization of resctor designs for minimum capital
and operating costs have required the developaent

of nev engineering concepts to cope with unique
problems of tecoverv and transfer of short intense
bursts of energy in nonconventional forms.

The most hostile environment in a LFR results
from the fusion-pellet microexp.osion in the reacgor
cavity. in this paper some of the heat-transfer
problems rela:ed to the conceptual design and
analysis of LFR cavitieo have been identified, new
sethods for their solurion indicated, and the
results presented. These results indicate that the
engineetring problems associated with the development
of LFRs will pose a formidadle but not an insurmount-
able challenge.

Heat-transfer problems in laser-fusion genera-
ring stations other than those discursed in this
paper include the cooling of very large mirrors and
windows that will be exposed to intense short-pulse
laser beans and possibly to radiation from the
reactor cavity, and the cooling of hign-repetition-
rate lov temperature laser power amplifiers.
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